Oceanographic fronts are strong discontinuities in water mass properties and can result in differences in biota over short horizontal distances. The vertical structuring of epipelagic euphausiids was investigated across an ephemeral thermohaline front between Leeuwin Current Water (LCW) and Sub Tropical Surface Water (STSW) in the southeast Indian Ocean. Vertical ontogenetic layering was evident and euphausiid larvae were most abundant in the 0-50 m stratum in both water masses. Differences in assemblages between water masses were mostly driven by the numerical abundance of shared species; most species were in greater abundance in LCW. LCW was characterized by a uniform water column and no significant structuring of assemblages with depth. Structuring was, however, evident in STSW and analyses indicated this was a result of stratification of temperature, salinity and dissolved oxygen. Higher chlorophyll a concentrations and zooplankton settled volumes were evident in LCW, as well as the upper 100 m of STSW. Decreases in temperature and salinity were correlated with the variation in assemblages at >100 m depth in STSW. This is the first study to examine vertical structuring and environmental correlations of euphausiid life stages and assemblages across a thermohaline front in the south-east Indian Ocean.
I N T R O D U C T I O N
Euphausiids occupy the vertical and horizontal extent of most of the world's oceans. Through diel vertical migration they ascend to shallower depths during the night and descend to greater depths during the day (Brinton, 1967; Youngbluth, 1976; Sogawa et al., 2016) . Some species are considered to be large vertical migrators, up to the order of 1000 m, and others relatively short and non-migrators (Youngbluth, 1976; Tarling et al., 1999; Brinton et al., 2000) , and even reverse diel migrators (Baker, 1970) . Ontogenetic layering also occurs, where early life history stages inhabit shallower waters, and mature specimens, with increased mobility, inhabit deeper depth strata, particularly during the day (Mauchline, 1980; Pillar et al., 1989) . The extent of diel vertical migration of euphausiid species through the water column can be influenced by environmental tolerances (Brinton, 1979; Hirota, 1987; Sameoto et al., 1987; Barange, 1990; Taki, 2008; Werner and Buchholz, 2013) .
It is not uncommon for euphausiid species to be affiliated with particular water masses (Brinton, 1975; Dadon and Boltovsky, 1982; Gibbons et al., 1995; Tarling et al., 1995) and the physical and chemical properties of the water column have been found to be significant correlates of variation in euphausiid assemblage structure in the southward flowing Leeuwin Current (LC) (Sutton and Beckley, 2016) . The LC comprises warm, less saline water sourced from the Indo-Australian basin, with inputs from the Indonesian Throughflow, the South Java Current, the South Equatorial Current and the Eastern Gyral Current (Domingues et al., 2007; Menezes et al., 2014; Yit Sen Bull and van Sebille, 2016) . As the LC flows poleward, temperature decreases and salinity increases as a result of surface air-sea heat fluxes, eddy advection, geostrophic inflow and mixing with surrounding Sub Tropical Surface Water (STSW) and shelf waters (Pearce et al., 2006; Paterson et al., 2008; Weller et al., 2011; Menezes et al., 2014) . Oceanographic fronts can often occur between Leeuwin Current Water (LCW) and STSW particularly when the LC meanders from its southwards trajectory to form eddies, and these are a regular occurrence in the south-east Indian Ocean, particularly during the austral autumn/winter months (Feng et al., 2003; Holliday et al., 2012; Paterson et al., 2013; Säwström et al., 2014) .
Oceanographic fronts typically show differences in sea surface temperature and salinity of 2-5°C and 0.3-1.0 psu, respectively, and result from physical processes creating discontinuities in water properties across a sharp gradient (Franks, 1992; Belkin et al., 2009) . Often, these thermohaline fronts have associated gradients in other biogeochemical properties such as nutrients and chlorophyll a concentrations (Belkin et al., 2009) . Such fronts allow for in situ comparison of the vertical structuring of biota within different water masses and can even reveal biogeographic boundaries for marine biota (Pakhomov et al., 1994; Lima et al., 2002) . For example, in a front investigated off Southern California, the number of species of euphausiids was higher in the warmer water mass, although abundances of euphausiids were greater in the cooler water mass (Lara-Lopez et al., 2012) . Fronts can also attract feeding aggregations of higher order consumers, such as fishes (Fiedler and Bernard, 1987) , seabirds and mammals (Bost et al., 2009) .
In the south-east Indian Ocean, attention, to date, has been given to the horizontal structuring, rather than the vertical structuring of euphausiids. A multidisciplinary study which investigated the distribution of western rock lobster larvae by stratified sampling within the surface 200 m of the water column, across a thermohaline front (28°S-32°S) (Säwström et al., 2014) , provided an opportunity to also investigate epipelagic euphausiid assemblages. The aim of this study was to examine the vertical structuring of epipelagic euphausiid assemblages in the two distinct water masses, LCW and STSW, separated by this thermohaline front. It was hypothesized that euphausiid assemblages, and their vertical structuring, would differ for each water mass given differences in the physical, chemical and biotic properties of the water column. Specifically, the research questions were: (i) is there significant ontogenetic layering of euphausiids, (ii) are there differences in euphausiid assemblages and vertical structuring across the front and (iii) what properties of the water column are correlated with differences in euphausiid assemblages across water masses?
M E T H O D Study area
An ephemeral front separating LC and STSW between 29°S and 31°S in the south-east Indian Ocean was investigated during a multidisciplinary study aboard the R.V. Southern Surveyor (voyage 05/2010) during the austral winter (17-21 July 2010) (Säwström et al., 2014) . At each of the three latitudes, stations were sampled at 0.5°l ongitudinal intervals across shelf break and oceanic waters between 111.5°E and 115°E (Fig. 1) . All stations had a water column depth >1000 m. In total, 13 stations form the focus of this study. Water masses were classified based on temperature and salinity in the upper 200 m, with LCW being warmer (>20°C) and less saline (<35.6 psu) than STSW (18-20°C, >35.6 psu). One LCW station (station 27) was excluded from analyses due to failure of the stratified sampling equipment for zooplankton.
Field and laboratory sampling
The distinction of the frontal feature in the field was obtained by continuous underway measurements of sea surface temperature using a SBE 3T Seabird thermosalinograph and remote sensing (sourced from http:// oceancurrent.imos.org.au). Hydrographic measurements (temperature, salinity, oxygen) from 0 to 1000 m depth were taken using a Sea-bird SBE911 conductivity-temperaturedepth (CTD) instrument fitted with a SBE43 oxygen sensor and mounted in a 24 Niskin bottle rosette. The CTD was further equipped with a Chelsea Aquatracker fluorometer and Biospherical Photosynthetically Active Radiation sensor. All oceanographic data are freely available at http://www. marine.csiro.au/marlin/search.html. Chlorophyll a concentrations were derived from calibrated in situ fluorescence measurements using a linear regression for pooled extracted chlorophyll a data (r 2 = 0.59), with a detection limit of 0.04 µg L −1 (Säwström et al., 2014) . Pooled extracted chlorophyll a data, that were correlated with fluorescence data, were determined from 1 L Niskin water samples from six depths (<100 m), at each station.
Depth-stratified zooplankton samples were taken using a multiple opening-closing EZ net (mesh size 355 µm; mouth area 1 m 2 ; Open Seas Instruments, Nova Scotia, Canada; similar to the BIONESS described by Sameoto et al., 1980) . The EZ net was towed obliquely through the water column on a conductive cable which allowed remote control for releasing nets at chosen depth intervals (Wiebe et al., 2015) . The net was towed at each of the 13 stations regardless of day or night (Supplementary data, Appendix S1). Four depth strata were targeted at each station; 0-50 m, 50-100 m, 100-150 m and 150-200 m. Nets were retrieved slowly at a vessel speed of 2 knots with 15 min in each depth stratum.
Zooplankton samples were preserved in 5% buffered formaldehyde in seawater solution. Estimates of available potential zooplankton prey that could be consumed by euphausiids were made by pouring the zooplankton samples from each depth stratum through a 1 mm sieve and measuring the settled volume of remaining zooplankton in a graduated cylinder after a 24 h settling period (Gibbons, 1999) ; volumes were expressed in mL m . Mature and immature euphausiids from all stations were counted and identified to species level with the use of relevant taxonomic keys (Baker et al., 1990; Brinton et al., 2000) . Calyptopis and furcilia larval stages were enumerated, but not identified to genus or species level, as their purpose was to give an indication of the productivity of the study area only. Where necessary, large zooplankton samples were split using a Folsom splitter (McEwan et al., 1954) , and a minimum of 100 specimens, for each of the four life stages, were counted from subsamples before estimates could be made of the total abundance in a whole sample (Gibbons, 1999) . Concentrations of euphausiids were represented as the number of individuals per 1000 m 
Data analysis Ontogenetic changes
For evidence of ontogenetic layering within water masses, univariate analyses (IBM SPSS Statistics 21, KruskalWallis tests for independent samples) were used to test for significant differences in total concentrations of each life history stage.
Euphausiid assemblage analyses
All multivariate analyses were carried out using the PRIMER v7 PERMANOVA+ software package (Anderson et al., 2008; Clarke and Gorley, 2015) . Prior to analysis, a square root transformation was applied to euphausiid assemblage data to reduce the relative importance of abundant species. To quantify the dissimilarity in assemblages for samples taken at all depth strata across the front a Bray-Curtis resemblance matrix was constructed. Similarities in euphausiid assemblages (mature and immature specimens combined) for each station and depth were visualized using a non-metric Multidimensional Scaling (nMDS) ordination. A threeway permutational multivariate analysis of variance (PERMANOVA) was used to test the hypothesis that euphausiid assemblages were different across the factors of day/night, water mass (LCW and STSW) and depth stratum (0-50 m, 50-100 m, 100-150 m and 150-200 m). Analysis of Similarity (ANOSIM) and Similarity Percentage (SIMPER) routines were used for pairwise testing and to identify the euphausiid species driving any differences between assemblages (Clarke and Warwick, 2001 ). The R test statistic from ANOSIM is a comparative measure of the degree of difference between assemblages; if R = 1, then assemblages are completely different, if R = 0, there are no differences between assemblages.
Environmental analyses
Significant differences in environmental properties were tested for using the non-parametric Mann-Whitney U Test. Because of diel vertical migration, only euphausiid assemblages from the eight stations sampled during the night (n = 32; eight stations × four depth strata) were used to investigate the correlation between environmental variables and euphausiid assemblages. Environmental data obtained from the CTD were averaged across each depth stratum (0-50 m, 50 m-100 m, 100 m-150 m, 150 m-200 m) to match the extent of euphausiid sampling. Principal Components Analysis (PCA) was performed to evaluate the structuring of stations based on environmental variables (mean temperature, mean salinity, mean dissolved oxygen, mean chlorophyll a and zooplankton settled volume for each depth stratum).
Environmental variables sampled during the night were overlayed on nMDS ordinations of the euphausiid assemblages sampled at night using bubble plots to reveal patterns in the combined data sets. Further, euphausiid assemblages were correlated with abiotic and biotic oceanographic variables using a DistanceBased Linear Model (DistLM) and redundancy analysis (dbRDA). This multivariate multiple regression ascertained the set of environmental variables that best explained the variation in euphausiid assemblages, based on a step-wise selection procedure and the Akaike information criteria (AIC) selection criterion (Anderson, 2004) .
A dbRDA plot was used to visualize the patterns in the assemblages as constrained by the environmental variables selected by the DistLM (Legendre and Anderson, 1999) . Prior to analysis, square root transformations were applied to the environmental data to reduce the influence of extreme values (Clarke and Gorley, 2015) . A Draftsman plot (scatterplot matrix) revealed mean temperature was strongly negatively correlated with mean dissolved oxygen (r 2 = −0.82), and because of this, mean dissolved oxygen was removed from analyses to reduce the influence of correlating variables on the data.
R E S U L T S Oceanographic environment
Remotely sensed sea surface temperature imagery (sourced from http://oceancurrent.imos.org.au) showed that around 29°S, a large meander of the LC extended offshore to 109°E and returned towards the shelf break near 30°S (Fig. 1) . This created an ephemeral oceanographic front separating LCW and STSW near 30°S which persisted for approximately one month. After this, the front became less distinct and broke away into a series of mesoscale eddies and the LC resumed its normal southward trajectory along the continental shelf break. Full details on the oceanographic environment are given in Säwström et al. (2014) . The depth of influence of the front extended to about 200 m, and was most evident between 29°S and 30°S ( Fig. 2A and B) . The four stations sampled along 29°S were characterized as LCW, with average temperatures for each depth stratum in the top 200 m of the water column ranging from 20.4°C to 21.5°C and salinity from 35.39 to 35.66 psu (Table I) . To the south, along 30°S and 31°S, significantly cooler STSW with lower water column temperatures (14.0-19.9°C; P = 0.000, n = 52) and higher salinity (35.38-35.90 psu; P = 0.000, n = 52) occurred. LCW from the meander did, however, cross the 30°S transect, on the surface, close to station 22 (113°E) (Figs 1 and 2B) . The thermocline was, on average, deeper for LCW stations (144 ± 21 m) ( Fig. 2A) , compared with the average depth of the thermocline for STSW of 65 ± 14 m (P = 0.020, n = 13) ( Fig. 2B and C) . Concentrations of dissolved oxygen were greater in the cooler STSW than the warmer LCW (P = 0.000, n = 52), averaging 234.5 µmol L −1 (226.2-239.4) and 219.8 µmol L −1
(214.0-223.0), respectively (Table I ; Fig. 2A-C) . LCW, on average, had a higher chlorophyll a concentration than STSW (0.27 ± 0.04 µg L −1 and 0.19 ± 0.03 µg L −1 , respectively), although, this was not a significant difference (P = 0.074, n = 52). For both water masses, chlorophyll a concentrations significantly differed  vertically (LCW: P = 0.007, n = 16; STSW: P = 0.000, n = 36), with chlorophyll a being most concentrated in the surface 100 m ( Table I ). The highest chlorophyll a (of 0.6 µg L −1 ) occurred at STSW station 24, in the 0-50 m depth stratum (furthest west station at 30°S). Zooplankton settled volume was significantly different across water masses (only night samples included), and LCW had a higher settled volume (0.07 ± 0.01) than STSW (0.04 ± 0.01) (P = 0.000, n = 32). For LCW, highest settled volumes were found in the surface 100 m (Table I) , although, overall, there was no significant difference across depth strata (P = 0.192, n = 12). Zooplankton settled volume was also highest in the surface 100 m for STSW, and overall, there was a significant difference in settled volumes across depth strata (P = 0.004, n = 20).
The variation in environmental variables across stations is summarized in Fig. 3 and PC1 explained 55% of the total variance across depth strata. Increases in zooplankton settled volume and mean temperature along this axis delineated all LCW depth strata from the deeper depth strata (100-150 m and 150-200 m) of STSW. PC2 explained 29% of the variance across depth strata, and higher mean salinity and chlorophyll a concentrations delineated the shallower (0-50 m and 50-100 m) STSW depth strata from the deeper strata.
Ontogenetic layering of euphausiid larvae
Calyptopis larvae had a significantly higher average concentration in LCW (4462 ± 1766 inds·1000 m −3 ) than STSW (1202 ± 457 inds·1000 m −3 ) (P < 0.001, n = 52) (Fig. 4A) . The vertical distribution of calyptopis larvae was also significantly different (P = 0.004, n = 52), with concentrations tending to be greater in the 0-50 m stratum for both LCW (9860 ± 6599 inds·1000 m ). Furcilia larvae exhibited a similar distribution to calyptopis larvae in being more concentrated on average in LCW (4989 ± 527 inds·1000 m −3 ) than STSW (2686 ± 1417 inds·1000 m −3 ) (P < 0.001, n = 52) (Fig. 4B) . Furcilia concentrations also decreased with increasing depth (P < 0.001, n = 52) and were most concentrated in the 0-50 m stratum for both LCW (2121 ± 632 ind·1000 m −3 ) and STSW (2287 ± 1356 inds·1000 m −3 ). There was no effect of day/night on calyptopis or furcilia concentrations in either water mass (P > 0.050).
Euphausiid assemblages
The analysis of euphausiid assemblages across the upper 0-200 m of the water column only used data from immature and mature euphausiids. About 25 euphausiid species were identified across the study area, 18 of which occurred in LCW, and 23 in STSW (Supplementary data, Appendix S2). In LCW, all 18 species were recorded from stations sampled during the night, whereas only nine were recorded from the stations sampled during the day. Similarly for STSW, 22 species were recorded from the stations sampled during the night and only 13 from the stations sampled during the day. Stylocheiron carinatum was the most abundant species in LCW during both the day (169 ± 133 inds·1000 m ) (Fig. 5) . However, in STSW during the night, Euphausia recurva was dominant (266 ± 73 inds·1000 m
−3
). Several species were found in low abundances and were found in either LCW (Stylocheiron elongatum and Thysanopoda monacantha) or STSW (Euphausia similis var. armata, Euphausia similis, Nematobrachion flexipes, Stylocheiron longicorne, Thysanopoda aequalis and Thysanopoda orientalis). 
Diel vertical structuring of euphausiid assemblages
The nMDS ordination showed clear separation between assemblages sampled during the day and night (Fig. 6A ).
Within each day and night grouping, there was also a vertical trend, from shallow to deep, but more so for night assemblages (Fig. 6B) . A PERMANOVA routine revealed significant differences across day/night (P < 0.001), water mass (P < 0.001) and depth (P < 0.001), with significant interactions between day/night and depth (P < 0.001) and water mass and depth (P = 0.010) (Table II) . Therefore, separate ANOSIM and SIMPER routines were conducted for assemblages sampled during the day and night. For euphausiid assemblages sampled during the night (Fig. 5) , there were significant differences between LCW and STSW ( = R 0.22, P = 0.006) (Table III) and this was most attributable to the higher concentrations of S. carinatum, Euphausia mutica, Stylocheiron suhmi and Pseudeuphausia latifrons in LCW, and the higher concentrations of Euphausia recurva in STSW. There was significant vertical structuring of assemblages within STSW ( = R 0.72, P < 0.001) (Supplementary data, Appendix S3), but not within LCW ( = R 0.04, P = 0.364). All depth strata within STSW were significantly different in their assemblages, except the 100-150 m and 150-200 m pairwise comparison ( = R 0.17, P = 0.079). The surface 0-50 m stratum was characterized by E. recurva, E. mutica and P. latifrons; 50-100 m by Euphausia hemigibba, S. carinatum and E. recurva; 100-150 m by Nematoscelis microps, E. hemigibba and Stylocheiron abbreviatum; and the 150-200 m stratum by E. recurva, Nematoscelis atlantica, S. abbreviatum ( Fig. 5 ; Supplementary data, Appendix S3). The species contributing the most to the differences between depth strata are indicated in Supplementary data, Appendix S3. Comparison of each depth stratum across water mass (Supplementary data, Appendix S4) showed that the two water masses differed in euphausiid assemblages for all depth strata; 0-50 m ( = R 0.44, P = 0.036), 50-100 m ( = R 0.68, P = 0.018), 100-150 m ( = R 0.63, P = 0.018) and 150-200 m ( = R 0.92, P = 0.018). The species contributing the most to the differences between water masses for each depth stratum are indicated in Supplementary data, Appendix S4.
As only a single daytime LCW station was available (due to net failure at the other station), structuring of assemblages across depth during the day was only analysed for STSW. Assemblages gradually changed across depth. Even though assemblages between adjacent pairings were similar, i. 
Environmental correlations
Environmental variables were overlayed on nMDS ordinations of the euphausiid assemblages using bubble plots (Fig. 7) . Euphausiid assemblages across all LCW depth strata were found to be similar (P = 0.364), despite a decrease in dissolved oxygen, chlorophyll a and zooplankton settled volume from shallow to deep strata. Conversely, assemblages were significantly structured along a gradient from shallow to deep strata in STSW (P < 0.001). This shallow to deep gradient in assemblages correlated with a decrease in mean temperature, mean salinity, and chlorophyll a, and a slight decrease in zooplankton settled volume.
Of the four environmental variables included in the DistLM, marginal tests revealed mean temperature to explain the largest proportion of variation in euphausiid assemblages alone, at 32% (P < 0.001). Mean  chlorophyll a and zooplankton settled volume explained 26% (P < 0.001) and 22% (P < 0.001) of the variation, respectively. Mean salinity alone did not significantly explain any variation in euphausiid assemblages (P = 0.071). Sequential testing resulted in mean temperature, mean salinity and mean chlorophyll a being chosen as the best correlates with euphausiid assemblages (r 2 = 0.50, AIC = 221.15). The first two coordinate axes explained 91.6% of the fitted variation and 45.8% of the total variation in assemblages (Fig. 7F) . Mean temperature and chlorophyll a clearly distinguished most LCW assemblages from STSW assemblages (Fig. 7F) . For STSW assemblages, mean temperature and mean salinity defined the separation, particularly for assemblages occurring below 100 m depth.
D I S C U S S I O N
The structuring of euphausiid assemblages in LCW and STSW across a front in the south-east Indian Ocean was mostly driven by the differences in numerical abundance of shared species, rather than the presence or absence of species in either water mass. Most euphausiid species were considered to be subtropical (Brinton et al., 2000) and given that the differences in the environmental variables were not extreme, they were found to be shared across the two water masses and across depths. However, some species did appear to exhibit a preference for a particular water mass or depth, and this is consistent with the nature of many euphausiid species in that they can exist over a great vertical range, but aggregate where the conditions are most favourable (Brinton, 1967; Youngbluth, 1975; Hirota, 1987; Lara-Lopez et al., 2012) . Tarling et al. (1995) and Gibbons (1997) also recognized that the differences observed in euphausiid assemblages across neighbouring water masses in the south-west Indian Ocean were due to numerical abundance, rather than different species. In this southeast Indian Ocean study, the highest abundances of shared species were in LCW, particularly at night.
Ontogenetic layering was evident in this study. Calyptopis and furcilia larvae were most abundant in the 0-50 m stratum, which is a typical pattern for euphausiid larvae (Mauchline and Fisher, 1969; Mauchline, 1980; Hirota, 1987) . Mature and immature euphausiids, on average, showed the usual pattern of merging with the larval stages during the night, but then descending during the day to deeper waters (Mauchline and Fisher, 1969) . Most of the species identified in this study have typical daytime distributions of >200 m (Brinton, 1962; Mauchline and Fisher, 1969; Hirota, 1987) . The species that remained in the upper 200 m during the day was mainly S. carinatum, a species that has a typical epipelagic distribution, particularly around 100 m depth during both the day and night (Lewis, 1954; Brinton, 1967; Youngbluth, 1975; Hirota, 1987) . Members of the Nematoscelis, Thysanopoda, and Stylocheiron genera, particularly S. abbreviatum and S. suhmi, also contributed a small proportion to daytime assemblages. Stylocheiron abbreviatum has been labelled a non-migrator, occupying waters between 100 and 400 m and S. suhmi as a short or non-migrator, typically being found in the surface 100 m during the day (Brinton, 1962; Youngbluth, 1975; Hirota, 1987) . These two species exhibited similar vertical distributions in this study, although, S. abbreviatum was just as abundant in waters <100 m.
Euphausia recurva, S. carinatum, E. mutica and P. latifrons were the most dominant species across the front and these results concur with previous studies on euphausiid assemblages and dominant species within the LC system (Sutton et al., 2015; Sutton and Beckley, 2016) . Euphausia recurva was most abundant in the STSW side of the front, whereas, S. carinatum, E. mutica and P. latifrons were most abundant in the LCW side of the front. This difference in distribution may be reflective of water mass preferences. Preferences for water masses by euphausiid species have been found in other oceans. For example, across a front investigated off Southern California, the dominant species, Euphausia pacifica, was very abundant in the cooler waters to the north, and profoundly decreased across the front which separated warmer waters to the south (Lara-Lopez et al., 2012) . Further, Nematoscelis difficilis showed a similar pattern, whereas E. recurva was more abundant in the warmer waters to the south (equivalent to STSW temperatures in this study). In the south-east Indian Ocean, several species were recorded in low abundances and were specific to either side of the front, which is also similar to that recorded by Lara-Lopez et al. (2012) .
The environmental variables used in this study correlated with some of the variation in euphausiid assemblages. Physiological tolerances to factors such as temperature and oxygen, as well as, food availability, should all be considered when explaining distribution patterns of euphausiids, as this can be different for each species (Brinton, 1979) . For example, Van Couwelaar (1994) found the vertical distribution of euphausiids in the Banda Sea to Asterisks denote a significant difference. S. suhmi (LCW) Ave. dis. = 53.5% E. recurva E. hemigibba S. abbreviatum S. carinatum N. microps be related more to food resources, than hydrographic conditions. Hirota (1987) found the vertical distribution of Stylocheiron species to be related to temperature and density, whereas, chlorophyll a was important for the vertical distribution of Euphausia tenera. In the cold Benguela Current, the extent of migration in out and of an oxygen minimum zone, particularly by Euphausia hanseni, also differed seasonally; they did not migrate above the oxycline or thermocline during the autumn and summer seasons, but did so during winter (Werner and Buchholz, 2013) . In this south-east Indian Ocean front study, there was no evidence of physiological constraint in the LCW as assemblages and most environmental variables did not differ significantly with depth. However, in the STSW, where there was clear stratification in environmental variables, assemblages reflected this, possibly indicating specific physiological tolerances.
Euphausiids are known to feed on detrital material and phytoplankton, including diatoms, dinoflagellates and tintinnids (Mauchline and Fisher, 1969; Cadée et al. 1992; Gibbons, 1999; Ju et al. 2009 ), but also, on small zooplankton, such as copepods, chaetognaths and euphausiid larval stages (Mauchline and Fisher, 1969) . In LCW, during the night, euphausiids did not appear to be structured across depth strata in accordance with the stratification of chlorophyll a. Instead, the lack of assemblage structuring across depth in LCW seemed more consistent with the uniform zooplankton settled volume values per stratum throughout the 200 m water column, which was higher than found in STSW. This could indicate that for euphausiids in LCW, food availability was suitable throughout most of the water column, and that little accumulation or vertical partitioning for resources was necessary. The lower zooplankton volume and slightly lower chlorophyll a concentrations in STSW are typical of the oligotrophic nature of this water mass and the southeastern Indian Ocean (Hanson et al., 2005; Rossi et al., 2013) . In fact, the LC is often credited with introducing more nutrient rich and productive waters particularly during the austral winter bloom (Koslow et al., 2008; Muhling et al., 2008; Thompson et al., 2011) .
Thermohaline fronts are frequent occurrences off the coast of Western Australia, and their influences on euphausiid assemblages, and other zooplankton, will vary temporally. During the austral summer of 2010/ 2011 (after the sampling period in this study), a marine heat wave, driven by a strong La Niña year, caused unprecedented ocean warming (of up to 3°C above long term monthly means) across the study area (Pearce and Feng, 2013) . Feng et al. (2015) have documented an increase in episodic warming events off Western Australia since the late 1990s, which undoubtedly influence distribution patterns of marine life. With increasing temperatures, stronger differences in assemblages across thermohaline fronts are expected, and more tropical species in higher abundances, will extend further south than currently is the case. This has already been observed for the tropical, neritic species, P. latifrons, occupying waters as far south as 34°S (Sutton and Beckley, 2016) .
Some of the vertical variation in euphausiid assemblages, not accounted for by environmental conditions, could be explained by the behaviour of species themselves. Most of the species identified in this study have vertical ranges that extend into the upper 200 m of the water column during the night (Hirota, 1987; Brinton et al., 2000) , which was encompassed by the vertical extent of sampling in this study. Despite this, the restricted sampling depth may have precluded some species from being captured by the net, particularly during the day. Additionally, euphausiids can also exhibit net avoidance, most notably during the day (Brinton, 1967) . Evidence suggests that Nematoscelis megalops visually detects and avoids approaching nets (Wiebe et al., 1982) , and the large Euphausia superba has been shown to move out of the way of an approaching midwater trawl (Everson and Bone, 1986) . Comparative studies on Meganyctiphanes norvegica using nets, video/photography and acoustics found net density estimates to be orders of magnitude lower for nets (Nicol, 1986; Sameoto et al., 1993) . Euphausia recurva was noted as an avoider of nets by Brinton (1967) , and in this study, they were the most numerically dominant species during the night in STSW, but not during the day, where S. carinatum, a non-avoider, was most abundant. Low abundances of S. elongatum in LCW and N. flexipes in STSW occurred during the night but none were recorded during the day, and both are noted as net avoiders (Brinton, 1967) . Furthermore, no evidence for S. elongatum being a migrator was found by Hirota (1987) . While not directly measured, it is possible that some of the differences in euphausiid assemblages between the two water masses could be due to net avoidance.
C O N C L U S I O N
This study has identified a difference in euphausiid assemblages across a thermohaline front between two water masses in the south-east Indian Ocean, as well as, significant vertical structuring in the more variable water column in the STSW. Similar to previous studies involving the LC system and other oceans, temperature, zooplankton settled volume and chlorophyll a concentration significantly correlated with the variation in euphausiid assemblages. It is concluded that ephemeral fronts associated with mesoscale oceanographic features in the south-east Indian Ocean affect both the vertical and horizontal structuring of euphausiid assemblages. 
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